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Abstract 
The pharmaceutical industry is the focus of State Environmental Protection Plan among the 12 industries, 
the execution of ecological engineering and furthering of cleaner production is a key way to sustainable 
development with enhancing production vitality of pharmaceutical companies. With the consideration of 
the pollution from pharmaceutical companies, this paper examines the implementation of cleaner 
production for the pharmaceutical companies in Sh ijiazhuang City through the empirical analysis , its 
conclusion will guide the decision-making of the government and corporations. 
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1. The Necessity of Ecological Engineering Application for the Pharmaceutical Industry 
The pharmaceutical industry is one of the 12 industries which are key treatment industries of state 
environmental protection planning. And it accounts for 1.7% of total industrial output value of the whole 
country, but its sewage discharge accounts for 2%  of all. Fermentation production of pharmaceutical 
industry is characterized with many aspects such as varieties of production, numerous production 
processes, and large quantities but low utilization rate of raw materials etc .. Pharmaceutical industry 
consumes great kinds of raw materials. For example, some bulk drug (API) takes several or a dozen of 
kinds of raw materials, and even up to 30 categories. Some APIs’total consumption is over 10kg/kg, and 
some are even higher than 200kg/kg. Therefore, “Three Wastes” are massive, especially the composition 
of waste is complicated, which incurs severe pollution. From the prospective of recycling economy and 
re-use of resources, pharmaceutical companies own major features as huge volume consumption of water, 
complex waste materials, and heavy pollution, which are detailed as follows. 
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Firstly, the traditional pharmaceutical enterprises  exit large discharge of stream and bring various 
pollutants to the environment. With the expansion of p roduction capacity recently, such enterprises 
consume more of resources and energy, especially water, instead of technology innovation. It’s noted, 
pharmaceutical wastewater typically is featured with the high concentration of pollutants, complex 
composition, fatally toxic and hard b iodegradation. These characteristics require  treatment facilit ies for 
the wastewater treatment processes. Plus the treatment facilities investment and operation costs  are 
enormous. These characteristics and cost cause the wastewater treatment much more difficult. 
Secondly, pollution is heavy. The pharmaceutical companies' industrial scale expands accompanying 
with the huge amount of waste stuff discharging such as dust, SO2, NO2, organic wastewater etc., which 
are the  major source of environmental pollution in the world.  
Thirdly, recycling is lower, which brings expired  drugs and great relevant harm. During the producing 
processes, the polluting is heavy due to low-level recycling. In addition, the expired drugs cause chemical 
pollution, especially to the soil and water, which threatens human and animal health. As recycling expired 
drugs not only is unprofitable for the enterprises but need inputs of human, material and financial 
resources, it is regarded as a burden by the companies. As a result, drug recovery lies in the vacuum 
station which means unsupervised and irresponsible. 
2. The pharmaceutical ecological engineering and pollutant factor analysis to the pharmaceutical 
industrial enterprises 
Howard.T.Odum firstly put forward the concept of ecological engineering, which gradually raised the 
international attention. At a high-level meeting within the framework of “the Economic Commission for 
Europe on the Protection of the Environment” held in November 1979 in Geneva, the scholars put 
forward the new concept of “non-waste process” from the industrial point of view. Early 1980s, Uhlmann 
(1983), St raskraba (1984) and Gnamck (1985) proposed the concept of “eco-technology”. Mitsch (1988) 
and Jorgenson (1989) defined ecological engineering as “the design of ecosystems for the mutual benefit 
of humans and nature”. Bergen. S. D., Botton. SM & Fridley. JL (1997) constructed the ecological 
engineering system on the basis of ecological principles. Gattie , David K. & Smith, Matt C. (2000) 
clearly exp lained the ecological engineering's practical contribution from the philosophical perspective. 
Allen. TFH (2003) discriminated the difference between the ecological engineering and environmental 
engineering by complex systematic theory, which indicates that ecological engineering must have the 
certain flexib ility. Gattie David K & Fout ZTL (2007) instructed ecological engineering system, but held 
that the ecological engineering research was lack at the same t ime. Gattie.David K, Kellam. Nadia N. & 
Tuek H. Jeff (2007) analyzed  the system and the ecological system, offered  a number of concepts, and 
established the relevant model. Gosselin.Frederic (2008) proposed ecological engineering should be 
redefined to stimulate the integration with sustainable development . 
The core idea of sustainable development in pharmaceutical enterprises involves project design, 
material selection, process, technological progress, production management etc. The pollution should be 
controlled as much as possible to minimize the pollution stuff emission in the production process. In the 
process of bio-pharmaceutical, chemical synthesis of pharmaceutical , formulations and medicine, there 
exist pollutant factors, potential accidents or emergency situations related to the environment involving 
air pollution, water pollution, solid waste, environmental noise pollution etc . 
Table 1 Various types of pollution factors of Pharmaceutical companies 
Process Type Environmental Factors, Potential Accidents or Emergency Situations 
Bio- Atmospheric Air exhaust gas, the microorganism and viable organisms and other emissions, fermentation 
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3. The execution of  the cleaner production among the pharmaceutical industrial enterprises  
3.1. Cleaner Production ,the Crux of the Ecological Engineering  
In 1989, UNEP proposed the “Cleaner Production” mode. Cleaner Production is to reduce the potential 
harm to humans and the environment by adopting preventive environmental strategy for production 
process and product. Cleaner Production includes conservation of raw materials and energy, avoiding 
using toxic materials, and reducing the quantity and toxicity of emiss ions before leaving producing 
process. For products, by life -cycle analysis, lower the impact to the environment as little as possible 
pharmaceuticals pollution gas emissions, organic solvent evaporation, Soot of fuel combustion. 
Water 
pollution 
Wastewater from Compressing air and vacuum degreasing, crude protein wastewater, 
condensed steam water, concentrated mother liquor, waste acid alkaline water after 
cleaning, wastewater washing filter cloth, oil leaking, lubricating, flocculants, coagulant, 
filter aid, defoamers wastewater discharge, fermented waste liquid emissions. 
Solid waste 
Mycelium, material consumption and waste resulting from bacterial contamination's 
reprocessing, crude protein residue, spent resin processing, waste package materials 
processing. 
Ambient noise Mechanical noise  
Chemical 
synthesis of 
pharmaceutical Atmospheric pollution 
Volatile organic solvents, dust pollution oil, lubricants leaking, wastewater discharge 
generated from equipment, plant clean-up, solid waste cotton holding oil, the treatment of 
waste pipes and equipment, the treatment of waste handling transit  containers or packaging, 
the processing of toxic materials and by-products, waste generated from Streamlined 
package air-conditioning system ,fuel combustion soot. 
Water 
pollution 
Wastewater containing acid or alkali, recycling mother liquor, condensed water, 
concentrated distillation wastewater, oil, lubricants leaking, 
Solid waste 
 Material consumption and waste caused by the unqualified intermediate product and 
Finished rework, by-products, purification of waste carbon, Waste packaging materials, 
including inner packing material  and packaging materials  





Waste gas from air conditioning system, dust pollution, organic solvent evaporation,                 
Water 
pollution 
Oil leaking of Mechanical maintenance, equipment, plant clean-up wastewater, 
Solid waste 
Waste packaging materials, including the packing material and outsourcing of 
materials ,waste handling transit containers or packaging, inactivated, solid waste cotton 
holding oil, unqualified products 










Waste water, waste solvent of cleaning solvent, steam condensate wastewater, acid 
wastewater, oil, lubricants leaking,  wastewater from flocculants, filter aids, filter, sanitary 
ware and other , waste water from air conditioning 
Solid waste 
Fur residue, dregs, extraction residue, the waste generated from Resins and chromatography, 
the tube materials and their byproducts, waste packaging materials, including the packing 
material and outsourcing of materials , waste handling transit containers or packaging, 
unqualified products 
Ambient noise Mechanical noise 
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from the raw material to final product disposal. Cleaner Production includes clean producing process and 
products. It not only tries to achieve non-polluting or less polluting producing process, but also tries to 
lower the harm to the environment during the use and scrap disposal of the products. Cleaner Production 
is reflected in both the cleaning process and clean products , and to be achieved by process design, product 
design and internal management.  Cleaner Production is the key of ecological pro ject implementation, 
which seeks to achieve three goals. Firstly, it is the rational use of natural resources and to reduce 
resource depletion by comprehensive utilizat ion of resources, succedaneum of shortage resources, 
secondary use of resources, and energy conservation, etc.. Secondly, it is to decrease the generation and 
emissions of the waste and pollution, in order to promote the coordination between industrial production 
processes and nature. Thirdly, it is to provide clean products and services, reduce the negative impact to 
the product life cycle, and consider environmental benefits of products and services. 
3.2. The Execution of  the Cleaner Production 
With the promotion of Environmental protection departments, Comprehensive economic department 
and Industry administrative sectors since the 1990s, cleaner production demonstration projects have been 
developed around China, which have achieved good results. Pharmaceutical industry develops adopting 
the ecological medicine pattern according to circular economy theory in Hainnan, Guangdong, Beijing 
and other areas, and many eco-industrial demonstration parks are built up. A number of pharmaceutical 
enterprises, such as Northeast Pharmaceutical Group Co., Ltd., North  China Pharmaceutical Group Corp, 
Shijiazhuang Pharmaceutical Group Co., Ltd., and Shiguibao Pharmaceutical Group Co., Ltd, are putting 
into the practice of cleaner production method with good achievement.  
3.3. The Analysis of Cases of the Execution of  the Cleaner Production  
The paper selected representative pharmaceutical company CSPC RH as example, which is a 
professional manufacturer of vitamin B12, with the production capacity reaching 10 tons of B12 annually. 
The company exports more than 70% of p roducts abroad, sold to over 40 countries and regions such as 
North and South America, Europe, Japan, Southeast Asia, Australia and South Africa. 
The main pollutants of production processes are wastewater, and some small amount of recyclable 
waste and innocuous waste gas . The existing pollution control measures are, a) Wastewater treatment 
measures, b) Waste gas treatment measures , c) Waste residue treatment measures. The company 
completed the Cleaner Production projects below. 
a) The project of “zero emissions in fermentation workshop”.  Stripping pump is installed at the end of 
discharge pipe in the workshop, and fermentation residues are discharged to refining plant for treatment. 
The project could reduce the emissions of COD 0.2 ton per day.  
b) The project of “water-recovery in refinery workshop”. The exclusive chemical water system has 
been transformed. The effect of the Implementation is of reducing emissions 200 ton high Cl-ion 
concentration water and 660Kg of Cl-ion water per day.  
c) The project of “acid washing water to wash alkali”. The effect of the Implementation is of reducing 
50ton acidic waste water emissions per day.  
d) The project of “calcium propionate”. It is to extract calcium propionate and acetate from the 
Vitamin B12 anaerobic fermentation waste fluid. The effect of the Implementation finds the COD 
concentration of wastewater can be decreased 25-30%. 
e) The project of “evaporation water recovery”. It is to pump the water which has been condensed by 
the original device in pump house, into the production workshop for water supply to the third step 
fermentation ingredients , with the effect of 170 tons waste water reduction daily.  
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After determining the implementation of Cleaner Production, the company establishes the Clean 
Production Audit Group on purpose. By wide top-down propaganda, the managers and staff all have a 
comprehensive and clear understanding on Cleaner Production. Employees look fo r opportunities and 
potentiality of Cleaner Production from every process such as raw materials, energy, technology, 
equipment, process control, waste production and processing, product management, quality of personnel, 
etc. After analyzing process and material balance, the waste generation site can be found out, by which 
the specific programs of mitigating or eliminating water can be achieved. 
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